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1
SYSTEM FOR DETECTING VEHICLE
DRIVING STATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a detection system for a vehicle,
and more particularly to a system for detecting a driving state
of a vehicle.

2. Description of the Related Art

At present, there are various types of detection systems
installed in a vehicle. Driving state detection systems may be
classified into two major techniques: facial image detection
and vehicle state detection.

In the case of facial image detection, a facial image of a
driver is obtained for detecting changes in facial features,
such as head movement, direction of view, eyes open or shut,
etc., so as to determine concentration level of the driver.
However, when the vehicle is in a tunnel, or is driven at night,
facial detection may fail due to insufficient lighting. In addi-
tion, facial detection is not completely reliable due to facial
differences among different drivers.

In the case of vehicle state detection, information associ-
ated with vehicle movement is obtained for determining if the
vehicle is in a dangerous state. Compared to facial detection,
it is advantageous in that the driving state is continuously
monitored without being affected by ambient light, but is
disadvantageous in that analysis must be performed under a
high-speed driving condition. In addition, vehicle state detec-
tion is not completely reliable due to different driving behav-
iours among different drivers.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide a
system that may continuously detect a driving state of a
vehicle with a relatively high reliability.

According to the present invention, a system for detecting
a driving state of a vehicle comprises:

a driver monitoring unit to be disposed in the vehicle, and
operable to obtain real-time image frames corresponding to a
driver of the vehicle;

a vehicle monitoring unit operable to continuously obtain
operation information of the vehicle and to provide at least
one vehicle danger parameter; and

a control unit coupled to the driver monitoring unit and the
vehicle monitoring unit, and having a driver recognition con-
dition, a driver danger condition, and a vehicle danger con-
dition built therein, the control unit being operable to deter-
mine if the real-time image frames conform with the driver
recognition condition, and including a notification module.

The control unit is further operable to determine if the
real-time image frames conform with the driver danger con-
dition when the control unit determines that the real-time
image frames conform with the driver recognition condition,
and the notification module is operable to provide a first
notification signal when the control unit determines that the
real-time image frames conform with the driver danger con-
dition.

The control unit is further operable to determine if the
vehicle danger parameter provided by the vehicle monitoring
unit conforms with the vehicle danger condition when the
controlunit determines that the real-time image frames do not
conform with the driver recognition condition, and the noti-
fication module is further operable to provide a second noti-
fication signal when the control unit determines that the
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2

vehicle danger parameter provided by the vehicle monitoring
unit conforms with the vehicle danger condition.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent in the following detailed description of the
preferred embodiment with reference to the accompanying
drawings, of which:

FIG.1 is a block diagram showing a preferred embodiment
of'the system for detecting a driving state of a vehicle accord-
ing to the present invention; and

FIG. 2 is a flow chart illustrating steps performed by the
preferred embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1 and FIG. 2, the preferred embodiment
of a system 200 according to this invention is adapted for
detecting a driving state of a vehicle (not shown), and
includes a driver monitoring unit 20, a vehicle monitoring
unit 30, and a control unit 40.

The driver monitoring unit 20 is disposed in the vehicle,
and is operable to obtain real-time image frames correspond-
ing to a driver of the vehicle.

The vehicle monitoring unit 30 is operable to continuously
obtain operation information of the vehicle and to provide at
least one vehicle danger parameter. In this embodiment, the
vehicle danger parameter includes a deviation velocity refer-
ring to an instantaneous velocity of the vehicle when move-
ment of the vehicle deviates from a straight path, and a devia-
tion angle referring to angular variation of the vehicle within
atime period when movement of the vehicle deviates from the
straight path. In this embodiment, the deviation velocity
refers to an instantaneous angular velocity. It should be noted
that, in practice, the straight path is adopted with reference to
a center position without rotation of a steering wheel of the
vehicle.

The control unit 40 is coupled to the driver monitoring unit
20 and the vehicle monitoring unit 30, and has a driver rec-
ognition condition, a driver danger condition, and a vehicle
danger condition built therein. The control unit 40 includes a
database 41 and a notification module 42.

The control unit 40 is operable to determine if the real-time
image frames conform with the driver recognition condition,
in this embodiment, based on facial feature of the driver in the
real-time image frames obtained by the driver monitoring unit
20. In this embodiment, the facial feature includes a facial
outline, and relative positions among eyes, a nose, and a
mouth. The driver danger condition is associated with devia-
tions of the facial outline, the eyes, the nose, and the mouth of
the driver.

The database 41 is established with abnormality levels,
deviation velocity ranges, and deviation angle ranges. Num-
ber of the abnormality levels is equal to a product of number
of the deviation velocity ranges and number of the deviation
angle ranges. Each of the abnormality levels corresponds to a
combination of one of the deviation velocity ranges and one
of the deviation angle ranges. The vehicle danger condition
covers at least one of the abnormality levels. In this embodi-
ment, the database 41 has four abnormality levels being 100,
75, 50, and 25, respectively, and the vehicle danger condition
covers abnormality levels 100, 75, and 50. There are two
deviation velocity ranges, which include that the deviation
velocity is greater and not greater than 60 kph, respectively,
and there are two deviation angle ranges, which include that
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the deviation angle is greater and not greater than 15 degrees,
respectively. In this embodiment, the vehicle danger condi-
tion covers three abnormality levels, but may cover only one
abnormality level in other embodiments. The content of the
database 41 of this embodiment may be summarized as in the
following table:

Vehicle danger condition

Abnormality levels
100 75 50 25
Deviation Vp> Vp> Vps= Vps=
velocity 60 kph 60 kph 60 kph 60 kph
range
Deviation Lp>15° Lp=15° Lp>15° Lp=15°
angle range

where V, represents the deviation velocity and <, represents
the deviation angle.

The control unit 40 determines if the real-time image
frames conform with the driver danger condition when the
real-time image frames are determined to conform with the
driver recognition condition. The notification module 42 is
operable to provide a first notification signal to indicate that
the driver may be distracted when the real-time image frames
are determined to conform with the driver danger condition.

The control unit 40 further determines if the vehicle danger
parameter provided by the vehicle monitoring unit 30 con-
forms with the vehicle danger condition when the real-time
image frames are determined to not conform with the driver
recognition condition. In this embodiment, the control unit 40
determines if the vehicle danger parameter provided by the
vehicle monitoring unit 30 corresponds to one of the abnor-
mality levels covered by the vehicle danger condition when
the real-time image frames are determined to not conform
with the driver recognition condition. The notification mod-
ule 42 provides a second notification signal to indicate an
abnormal operation when the vehicle danger parameter pro-
vided by the vehicle monitoring unit 30 is determined to
correspond to one of the abnormality levels covered by the
vehicle danger condition.

The driving state of the vehicle is determined to be normal
when the real-time image frames do not conform with the
driver danger condition and the vehicle danger parameter
does not conform with the vehicle danger condition (i.e., the
vehicle danger parameter does not correspond to any one of
the abnormality levels covered by the vehicle danger condi-
tion). Then, the control unit 40 gathers statistics of the devia-
tion velocity and the deviation angle provided by the vehicle
monitoring unit 30 within a time period in which the driving
state of the vehicle is normal. The control unit 40 uses the
statistics gathered thereby for updating the deviation velocity
ranges and the deviation angle ranges of the database 41. In
this embodiment, the length of the time period is 10 minutes.

In this embodiment, the deviation velocity ranges initially
use 60 kph as a boundary. When updating the database 41, the
deviation velocity ranges are updated using a lower bound of
top 10 percent and an upper bound of bottom 90 percent of the
statistics of the deviation velocity gathered within the time
period. As an example, there are 90 percent of the gathered
deviation velocities being under 50 kph, and 10 percent of the
gathered deviation velocities being over 50 kph. Then, the
boundary of the deviation velocity ranges is updated to be 50
kph.

In this embodiment, the deviation angle ranges initially use
15 degrees as a boundary. The deviation angle ranges are
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updated using a lower bound of top 10 percent and an upper
bound of bottom 90 percent of the statistics of the deviation
angle gathered within the time period. As an example, there
are 90 percent of the gathered deviation angles being smaller
than 13 degrees, and 10 percent of the gathered deviation
angles being greater than 13 degrees. Then, the boundary of
the deviation angle ranges is updated to be 13 degrees.

Through a process of updating the database 41 as describes
hereinabove, the control unit 40 learns driving behaviour of
the driver, and the deviation velocity ranges and the deviation
angle ranges are updated with the driving behaviour and the
actual traffic condition, resulting in more precise determina-
tion of abnormal driving behaviour.

Therefore, even though the real-time image frames are
distorted due to insufficient light in a tunnel or nighttime
driving, the vehicle monitoring unit 30 can be operated to
continuously detect the driving state of the vehicle. Moreover,
through the combination of the deviation velocity and the
deviation angle and the dynamic update of the database 41,
the deviation velocity ranges and the deviation angle ranges
may be adjusted with the driving behaviour, so as to be adap-
tive to different drivers and to achieve higher reliability for
detecting the driving state of the vehicle.

While the present invention has been described in connec-
tion with what is considered the most practical and preferred
embodiment, it is understood that this invention is not limited
to the disclosed embodiment but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifica-
tions and equivalent arrangements.

What is claimed is:

1. A system for detecting a driving state of a vehicle,
comprising:

a driver monitoring unit to be disposed in the vehicle, and
operable to obtain real-time image frames correspond-
ing to a driver of the vehicle;

a vehicle monitoring unit operable to continuously obtain
operation information of the vehicle and to provide at
least one vehicle danger parameter; and

a control unit coupled to said driver monitoring unit and
said vehicle monitoring unit, and having a driver recog-
nition condition, a driver danger condition, and a vehicle
danger condition built therein, said control unit being
operable to determine if the real-time image frames con-
form with the driver recognition condition and including
a notification module;

wherein, said control unit is operable to determine if the
real-time image frames conform with the driver recog-
nition condition based on a facial feature of the driver in
the real-time image frames obtained by said driver moni-
toring unit, the facial feature including a facial outline,
and relative positions among eyes, a nose, and a mouth;

wherein said control unit is further operable to determine if
the real-time image frames conform with the driver dan-
ger condition when said control unit determines that the
real-time image frames conform with the driver recog-
nition condition, said notification module being oper-
able to provide a first notification signal when said con-
trol unit determines that the real-time image frames
conform with the driver danger condition;

wherein said control unit is further operable to switch from
said driver monitoring unit to said vehicle monitoring
unit to determine if the vehicle danger parameter pro-
vided by said vehicle monitoring unit conforms with the
vehicle danger condition when said control unit deter-
mines that the real-time image frames do not conform
with the driver recognition condition, receiving data
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from said notification module being further operable to
provide a second notification signal when said control
unit determines that the vehicle danger parameter pro-
vided by said vehicle monitoring unit conforms with the
vehicle danger condition;

wherein said control unit determines that the real-time

image frames do not conform with the driver recognition
condition when the real-time image frames are distorted
due to one of insufficient light and nighttime driving.

2. The system as claimed in claim 1, wherein the vehicle
danger parameter includes a deviation velocity referring to an
instantaneous velocity of the vehicle when movement of the
vehicle deviates from a straight path, and a deviation angle
referring to angular variation of the vehicle within a time
period when movement of the vehicle deviates from the
straight path.

3. The system as claimed in claim 1, wherein said control
unit includes a database established with abnormality levels,
deviation velocity ranges, and deviation angle ranges, num-
ber of the abnormality levels being equal to a product of
number of the deviation velocity ranges and number of the
deviation angle ranges, each of the abnormality levels corre-
sponding to a combination of one of the deviation velocity
ranges and one of the deviation angle ranges, the vehicle
danger condition covering at least one of the abnormality
levels,

said control unit being operable to determine if the vehicle

danger parameter provided by said vehicle monitoring
unit corresponds to one of the abnormality levels cov-
ered by the vehicle danger condition when said control
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unit determines that the real-time image frames do not
conform with the driver recognition condition.

4. The system as claimed in claim 3, wherein said control
unit is further operable to gather statistics of the deviation
velocity and the deviation angle provided by said vehicle
monitoring unit within a time period, the time period being
one in which the real-time image frames do not conform with
the driver danger condition and the vehicle danger parameter
does not correspond to any one of the abnormality levels
covered by the vehicle danger condition, said control unit
being further operable to use the statistics gathered thereby
for updating the deviation velocity ranges and the deviation
angle ranges of said database.

5. The system as claimed in claim 4, wherein the deviation
velocity ranges are updated using a lower bound of top 10
percent and an upper bound of bottom 90 percent of the
statistics of the deviation velocity gathered within the time
period, and the deviation angle ranges are updated using a
lower bound of top 10 percent and an upper bound of bottom
90 percent of the statistics of the deviation angle gathered
within the time period.

6. The system as claimed in claim 3, wherein one of the
deviation velocity ranges includes deviation velocities
greater than 60 kph, and another one of the deviation velocity
ranges includes velocities not greater than 60 kph;

wherein one of the deviation angle ranges includes devia-

tion angles greater than 15 degrees, and another one of
the deviation angle ranges includes deviation angles not
greater than 15 degrees.
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